A novel amphoteric glycosphingolipid, cholinephosphoryl-(→
Glycosphingolipids are components of cell membranes and are thought to play important roles in a variety of biological events. 1) Especially sialic acid-containing glycosphingolipids, such as gangliosides have been recognized life phenomenon, for example extracellular recognition, cell-cell interaction, differentiation, oncogenesis and immunity. A number of sialyloligosaccharides and mimetics have been synthesized, researched systematic understanding of structure-function at molecular level. [2] [3] [4] On the other hand, the structure of glycosphingolipids from invertebrate animal species differ greatly from these of mammals. [5] [6] [7] [8] We have been interested in the relationships between the structure and biological function of glycolipid derived from them and have so far synthesized oligosaccharides were isolated from various Protostomia phyla. [9] [10] [11] [12] [13] [14] [15] [16] In the previous paper, 17) we reported the synthesis of neutral glycosphingolipid, of which core structure was a b-D-GlcpNAc-(1→3)-b-D-Manp-(1→4)-b-D-Glcp-(1→)-Cer, in larvae of the green-bottle fly, Lucilia caesar. 18, 19) Sugita and co-workers. 20) (1) , from the porcine parasite nematode, Ascaris suum. This structure has a b-D-mannopyranosidic linkage and a phosphocholine at the C-6 position of the glucosamine residue (Fig 1) . Furthermore, Lochnit et al. 21) have been published the structure of suum, having many biological activities, namely stimulation-associated cytokines, tumor necrosis factor a (TNF-a), interleukin 1 (IL-1) and interleukin 6 (IL-6). We applied intramolecular aglycon delivery (IAD) approach for b-selective mannosylation 22) to the synthesis of the glycolipid analogue. The glycolipid was the target for the synthetic studies described herein as part of our investigation into synthetic oligosaccharides of structural and biological interest.
isolated novel amphoteric glycosphingolipid, cholinephosphoryl-(→6)-b-D-GlcpNAc-(1→3)-b-D-Manp-(1→4)-b-D-Glcp-(1→)-Cer

Results and Discussion
Synthesis of Monosaccharide Derivatives Syntheses of the glucopyranosyl and 2-deoxy-2-phthalimido-glucopyranosyl building blocks 4 and 10 were carried out as depicted in Chart 1. Reductive ring-opening of the benzylidene acetal in 3 with sodium cyanoborohydride-hydrogen chloride in dry diethylether afforded compound octyl 2,3,6-tri-O-benzyl-b-D-glucopyranoside (4) . 23) On the other hand, imidate donor 3,4-di-O-benzyl-6-O-pivaloyl-2-deoxy-2-phthalimido-b -Dglucopyranosyl trichloroacetimidate (10) was obtained from 2-(trimethylsilyl)ethyl 2-deoxy-2-phthalimido-b-D-glucopyranoside (5) 24) by the following four step procedures. Regioselective tritylation of the starting material with trityl chlo-ride (6), followed by benzylation (7) and subsequent acid hydrolysis of the trityl group (8) and then pivaloylation, gave compound 9. For selective removal of the 2-(trimethylsilyl)ethyl (SE) group, compound 9 was treated 24, 25) with trifluoroacetic acid in dichloromethane for 1 h at 0°C to give the 1-hydroxy compound, which, on further treatment 26) with trichloroacetonitrile in the presence of 1,8-diazabicyclo [5.4 .0]undec-7-ene (DBU) in dichloromethane for 30 min at 0°C, gave only the corresponding b-trichloroacetimidate 10 (Chart 1).
Synthesis of Oligosaccharide Derivatives b-Mannosylation was attempted in the intramolecular aglycon delivery approach. Thus, treatment of octyl 2,3, (11) 18,19) and 2,3-dichloro-5,6-dicyano-p-benzoquinone (DDQ) in dichloromethane in the presence of 4A molecular sieves (4A MS) afforded the mixed acetal in an essentially quantitative yield. A stereochemical assignment of this intermediate was mentioned by Ito and co-workers. 27) Subsequent IAD was effected by methyl trifluoromethanesulfonate (MeOTf) and 2,6-di-tert-butyl-4-methylpyridine (DTBMP) in dichloromethane to afford the desired b-mannoside 12 in 35% yield and the a-mannoside was not detected. The anomeric hydrogen atom of the mannose unit appeared as a signal at d 4.41 (s, H-1Ј) by the 1 H-NMR spectrum. The J CH coupling constant of C-1 (159.3 Hz) confirmed the configuration of the b-mannoside linkage in the 13 C-NMR spectrum. 28) Compound 12 was subjected to O-benzylation, followed by removal of tert-butyldiphenylsilyl group with tetrabutylammonium fluoride (TBAF), to give the disaccharide acceptor 14 (83%) (Chart 2). Glycosylation of 14 with the glycosyl donor 10 in the presence of trimethylsilyl trifluoromethane sulfonate (TMSOTf) and 4A MS in dichloromethane for 2 h at Ϫ25°C gave the desired trisaccharide 15 in 94% high yield.
29) The 13 C-NMR spectrum showed three anomeric carbon atom signals at d 103.42 (C-1), 102.12(C-1Ј) and 97.22 (C-1Љ Synthesis of Trisaccharide Containing Phosphocholine Coupling of a phosphocholine group at the position C-6Љ of 16 was attempted using 2-chloro-2-oxo-1,3,2-dioxaphospholane, followed by reaction of the resulting cyclic phosphate intermediate with anhydrous trimethylamine at 65°C in a sealed vessel to give 17 in 69% yield for two steps. 30) Compound 17 revealed an [MϩH] ϩ ion peak at m/z 1451 in the time of flight mass spectrometer (TOF-MS) spectrum. Removal of the benzyl groups from 17 by catalytic hydrogenolysis over 10% Pd-C gave the target compound 2 (Chart 3).
In conclusion, the analogue synthesis of novel amphoteric glycosphingolipid 1 was achieved by employing highly stereocontrolled glycosylation methods. 602 Vol. 50, No. 5 
Chart 3
Experimental
Optical rotations were determined with a JASCO digital polarimeter.
1 Hand 13 C-NMR spectra were recorded on a JNM A 500 FT NMR spectrometer in CDCl 3 with Me 4 Si as the internal standard. Matrix-assisted laser desorption ionization-time of flight mass spectrometer (MALDI-TOF-MS) was recorded on a Perceptive Voyager RP mass spectrometer. TLC was performed on Silica gel 60 F 254 (E. Merck) with detection by quenching of UV fluorescence and by spraying with 10% H 2 SO 4 . Column chromatography was carried out on silica gel 60 (E. Merck). Octyl 4, (11) were prepared by literature method. [25] [26] [27] Octyl 2,3,6-Tri-O-benzyl-b b-D-glucopyranoside (4) To a solution of 3 (1.82 g, 3 mmol) and NaBH 3 CN (1.64 g, 24 mmol) in dry tetrahydrofuran (THF) (10 ml) was added 3A MS, and the mixture was stirred for 2 h at room temperature, then cooled to 0°C. HCl-Et 2 O was added until the solution was acidic (pH paper, gas evolution). After 1 h, the reaction mixture was poured into ice-water and extracted with CHCl 3 . The extract was washed sequentially with saturated aqueous NaHCO 3 , dried (Na 2 SO 4 ) and concentrated. The product was purified by silica gel column chromatography using 6 : 1 hexane-ethyl acetate as eluent to give 4 (1.1 g, 66%).
2-(Trimethylsilyl)ethyl 6-O-Trityl-2-deoxy-2-phthalimido-b b-D-glucopyranoside (6) To a solution of 5 (500 mg, 1.2 mmol) in pyridine (5 ml) was added trityl chloride (375 mg, 1.3 mmol) for 4 h at 50°C, then concentrated. The product was purified by silica gel column chromatography using 20 : 
2-(Trimethylsilyl)ethyl 3,4-Di-O-benzyl-6-O-trityl-2-deoxy-2-phthalimido-b b-D-glucopyranoside (7)
To a solution of 6 (580 mg, 0.9 mmol), tetrabutyl ammonium bromide (88 mg, 0.27 mmol) and BnBr (0.44 ml, 3.6 mmol) in N,N-dimethylformamide (DMF) (10 ml) was added NaH (66 mg, 0.27 mmol) for 2 h at 0°C. The mixture was diluted with ethyl acetate (10 ml), then washed with water, dried (Na 2 SO 4 ) and concentrated. The product was purified by silica gel column chromatography using 10 To a solution of 8 (293 mg, 0.34 mmol) in pyridine (4 ml) was added pivaloyl chloride (2 ml) for 5 h at 0°C. The mixture was diluted with MeOH (5 ml), then extracted with CHCl 3 , washed with 5% HCl, dried (Na 2 SO 4 ) and concentrated. The product was purified by silica gel column chromatography using 4 : 1 hexane-ethyl acetate as eluent to give 9 (336 mg, quant.); [ 2 Cl 2 (1 ml), cooled to 0°C, was added CF 3 COOH (1 ml), and the mixture was stirred for 1 h at room temperature and concentrated. Ethyl acetate and toluene (1 : 2) were added and evaporated to give the 1-hydroxy compound. To a solution of the residue in CH 2 Cl 2 (2 ml) cooled at 0°C were added trichloroacetonitlile (161 ml, 1.2 mmol) and DBU (6.9 ml, 0.05 mmol). The mixture was stirred for 30 min at 0°C. After completion of the reaction, the mixture was concentrated. Column chromatography of the residue on silica gel (248 mg, 1.1 mmol) and 4A MS in dry CH 2 Cl 2 (3 ml) were added 11 (550 mg, 0.82 mmol), 4 (340 mg, 0.6 mmol) and 4A MS in dry CH 2 Cl 2 (11 ml) at 0°C. The mixture was stirred for 10 min at 0°C and for 3 h at room temperature. The mixture was quenched with a solution of ascorbic acid (0.7%) and NaOH (0.9%) in water (5 ml), diluted with ethyl acetate and filtered off. The filtrate was successively washed with water, saturated aqueous NaHCO 3 , dried (Na 2 SO 4 ), and concentrated to give mixed acetal. To a solution of this acetal, 2,6-di-tert-butyl-4-methyl-pyridine (DTBMP: 683 mg, 3.3 mmol) and 4A MS in dry CH 2 Cl 2 (20 ml) were stirred for 2 h at room temperature, then cooled to 0°C. Methyl trifluoromethanesulfonate (MeOTf: 340 ml, 3.1 mmol) was added to the mixture, which was stirred for 10 min at 0°C and for 24 h at room temperature, then neutralized with Et 3 N. The mixture was filtered off and washed with water, dried (Na 2 SO 4 ) and concentrated. The product was purified by silica gel column chromatography and BnBr (0.10 ml, 0.8 mmol) in DMF (5 ml) was added NaH (14.9 mg, 0.62 mmol) for 2 h at 0°C. The mixture was diluted with ethyl acetate (10 ml), washed with water, dried (Na 2 SO 4 ) and concentrated. The product was purified by silica gel column chromatography using 10 : 1 hexane-ethyl acetate as eluent to give 13 (341 mg, 72%); and concentrated. The product was purified by silica gel column chromatography mmol) in EtOH (5 ml) was added hydrazine monohydrate (3 ml). The reaction mixture was refluxed for 3 h, then concentrated. The residue was Nacetylated with Ac 2 O (2 ml) and triethylamine (0.1 ml) in MeOH (4 ml). The mixture was poured into ice-water and extracted with CHCl 3 . The extract was washed sequentially with 5% HCl, saturated aqueous NaHCO 3 and water, dried (Na 2 SO 4 ) and concentrated. The product was purified by silica gel column chromatography using 5 : 1 benzene-acetone as eluent to give 16 (28.5 To a cooled solution of 16 (60 mg, 46.7 mmol) and Et 3 N (51 ml, 0.37 mmol) in dry benzene (1 ml) was added dropwise 2-chloro-2-oxo-1,3,2-dioxaphospholane (34 ml, 0.37 mmol). The mixture was stirred for 1 h at room temperature. The crystalline Et 3 N-HCl was removed by filtration, and solvent was concentrated. The residue was dissolved saturated Me 3 N in CH 3 CN (3 ml), then heated in an oil bath for 48 h at 65°C. The reaction mixture was cooled, the white solid was dissolved in chloroform and concentrated. The product was purified by iatrobeads chromatography using 1 : 1H, d, J 1,2 ϭ7.9 Hz, H-1 
